Palm oil industry in Malaysia has grown to become an important agriculture based industry and it is accounted for about 52% of the world palm oil output, which generated RM 13 billions export earning for the country. With increased cultivation and production of palm oil in the region, the disposal of the processed waste will become a major problem if it is not being treated properly. Palm oil mill effluent (POME) is extremely polluting with its high organic content. Oil and grease content in POME is 4,000 mg/L which is relatively high compared to the allowable limit by the Malaysian Department of Environment of only 50 mg/L. This paper describes the research results in removing oil and grease content for the POME using solvent extraction method. Six different organic solvents; n-hexane, n-heptane, benzene, petroleum ether, pentane and petroleum benzene were used. For every solvent the effect of solvent ratio, mixing time, mixing speed and pH were analyzed to determine the optimum condition for maximum extraction of oil. Results showed that n-hexane give the best performance in extracting oil from POME with solvent to POME ratio of 6:10. It was estimated about 0.54 grams of oil and grease per liter of POME can be extracted at optimum conditions; mixing speed of 200 rpm, 20 minutes mixing time and at pH 9.
INTRODUCTION
Currently there are about 3.0 million hectares of land under palm oil cultivation and 300 palm oil mills to process the fresh fruit bunches (FFB). In 1998, Malaysia produced 8.33 million tons of crude palm oil (CPO) and 1.1 million tons of crude palm kernel oil (CPKO). Palm oil and its product have becomes the country's major export revenue earner valued at about RM 22.6 billion. This accounted for about 60.5 percent of the export earnings from commodity and commodity based products in 1998 and has helped to a large extent reduced the impact of the economic crisis faced by the country.
Besides crude palm oil and palm kernel, palm oil mills also generate large amounts of solid and liquid by-products; empty fruit bunches (EFB), fibre, shell and palm oil mill effluent (POME) as shown in Table 1 1 . POME is a colloidal suspension of 95-96% water, 0.6-0.7% oil and 4-5% total solids including 2-4% suspended solids originated from the mixture of a sterilizer condensate, separator sludge and hydrocyclone wastewater 1 . The quantity of POME produced is about 60% for every tonne of fresh fruit bunches (FFB) processed. Thus, for a mill processing an average of 30 tonnes FFB/hr about 18-19.5 tonnes effluent/hr will be generated 2 . With over 300 palm oil mills in Malaysia, their generation of large volumes of effluent could give significant impact to the environment since the characteristics of POME are extremely polluting with its high content of Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), suspended solids and oil and grease which will deteriorate the quality of receiving waters. The characteristic of raw POME is shown in Table 2 1 .
Looking at the seriousness of environmental impact by palm oil industry, the government has enacted the Malaysian Environmental Quality Act, 1974 and Environmental Quality (Prescribed Premises)(Crude Palm Oil) Regulations 1977. The Department of Environment (DOE) has set the discharge standards for POME as shown in Table 3 1 . Therefore, the palm oil industry faces the challenge of balancing the environmental protection, its economic viability and sustainable development.
Several innovative treatment technologies have been developed and applied by palm oil mills to treat POME and conventional biological treatments of anaerobic or facultative digestion are the most commonly used 3, 4 . However, this biological treatment system needs proper maintenance and monitoring as the processes rely solely on microorganisms to break down the pollutants. The microorganisms are very sensitive to changes in the environment and thus great care has to be taken to ensure that a conducive environment is maintained for the microorganisms to thrive in. Besides, it also generates vast amount of biogas. This biogas contains of methane, carbon dioxide and trace amount of hydrogen sulphide, which are corrosive and odorous.
Besides the biological treatment, evaporation process has been suggested to treat POME. By using POME containing 3-4 % total solids as feed, about 85 % of the water in the POME can be recovered as distillate. Unfortunately energy requirement is a major constrain in this process. It was found that one kg of steam is required to evaporate one kg of water content in POME 1 .
Another physical method of treatment, air-floatation systems was tested on a pilot plant scale. In this system, tiny, bubbles of air or oxygen are released in the effluent. In rising through the surface of the effluent, this bubbles carry suspended solids to the surface where they are easily removed. However it was found to be very inefficient and unreliable 5 .
Full scale tests were carried out using centrifuge process. The suspended solids are separated from the liquid or concentrated by means of centrifuges but the system found to be unsatisfactory due to high wear rates and erratic operation 5 .
Although several systems of treatment have been introduced and successfully applied, there are still some mills that fail to comply with the regulatory standard set by the Malaysian Department of Environment (DOE). Solvent Extraction method is the most powerful separation and purification tool in the process industries. It is used commercially in hydrometallurgy (including nuclear industry) and widely within the chemical industry including organic chemical, petrochemical and pharmaceuticals. Solvent extraction has assumed importance in virtually all vegetable oil recovery plant. It recovers up to 98 percent of the cotton seed oil. The soybean, which has low oil content, but whose physical structure is particularly suited to solvent extraction has been responsible for this development and solvent hexane is used for this purpose 6 . While in pharmaceutical industry, solvent extraction method is extensively used for purification and concentration of penicillin by utilizing n-butyl acetate or amyl acetate as solvent 7 The objective of the current research is to extract the residue oil content in POME using solvent extraction method. Different organic solvents used were n-hexane, benzene, petroleum benzene, petroleum ether, pentene and n-heptane. The effect of solvent ratio to POME, mixing speed, mixing time and pH were studied to get the optimum experiment parameter in extracting as maximum as possible the residue oil in POME using these organic solvents.
SOLVENT EXTRACTION
Liquid/liquid extraction, or solvent extraction 8 , is the separation of constituents from a liquid solution by contact with another liquid in which the constituents are more soluble. The second liquid, or extracting solution, is usually immiscible in water at the extraction conditions. The constituents are transferred from one liquid to the other but are unchanged chemically. The extraction solution is selected in such a way that it can be reused and easily separated from the bulk wastewater stream.
The solvent extraction process consists of four basic components 9 .
s Contact between wastewater and solvent; s Separation of extracted wastewater and solvent; s Treatment of solvent to remove extracted constituents; and s Treatment of wastewater to remove residual solvent.
Solvent extraction is used in numerous chemical industries to produce pure chemical compounds, ranging from pharmaceutical and biomedical to heavy organics and metals, in analytical chemistry, in environmental waste purification, as well as in research 7 .
The principle is illustrated in a separation funnel that contains two layers of liquids. One that is generally water (S aq ) and the other, generally, an organic solvent (S org ). Normally the organic solvent has a lower density than water, but the opposite situation is also possible. A solute A, which is initially is dissolved in only one of the two liquids, eventually distributes between the two phases. When this distribution reaches equilibrium, the solute is at concentration 
In other word, D can be defined as "the total analytical concentration of the substance in the organic phase to its total analytical concentration in the aqueous phase, usually measured at equilibrium" 10 , irrespective of whether the organic phase is the lighter or the heavier one.
Process efficiency will depend on the equilibrium distribution of the constituents between the wastewater and the extracting solvent and the kinetics of mass transfer between the two liquid phases. To increase efficiency, the solvent-to-waste ratio can be increased, or multiple extraction stages can be employed.
In metallurgy process, solvent extraction of a metal is heavily dependent on the concentration of the extraction in organic phase and on the pH of the aqueous phase. The extraction coefficient, E, is a measure of how well a solvent will extract a metal, that is, a measure of the overall driving force of the solvent extraction system, and thus concentration dependent. As defined, E is a number, has no units, and is not a constant. The value of E depends on many factors, such as the phase (aqueous/organic) ratio, extractant concentration, temperature, pH, metal complexation in the aqueous and organic phases, and metal concentration in the aqueous phase 11 . Solvent selection is frequently a compromise among all the properties listed above. However, initial consideration is usually given first to selectivity and environmental concerns, and second to capacity.
MATERIALS AND EXPERIMENTAL PROCEDURE

Materials
Six technical grade solvents n-hexane, n-heptane, benzene, petroleum ether, pentane and petroleum benzene were employed in the extraction study. All the solvents were bought from R&M Chemicals, Essex, United Kingdom. Fresh POME samples were collected from a palm oil mill, Felcra Nasaruddin Palm Oil Mill, Perak, Malaysia. The fresh POME with temperature approximately 90˚C and pH 4-5 was stored in refrigerator in order to cool down before it is being used for experimental testing.
Experiment
Extraction of oil with different ratio of solvent to palm oil mill effluent has been done at room temperature. 300 ml sample of POME was mixed with 60 ml of solvent and the volume of solvent was increased by 60 ml for every experiment until the ratio of solvent to POME reaches 10:10. The mixture was covered with a thin layer of aluminium wool to prevent any evaporation of the solvent from stirring/mixing process with selected speed and time. Later the contents were transferred to the separation funnels. The mixtures were left for 5 minutes to allow complete two layers separation. The contaminated solvent and the POME were then collected into different beakers.
Determination of oil and grease content
The extracted POME was then transferred to another separating funnel, its container was rinse with 30 ml of petroleum ether and later added to separating funnel. This mixture was shaken vigorously before letting the layer separated for another 5 minutes. Solvent layer was drained through a funnel containing a filter paper and 2 g anhydrous sodium sulphate (function to absorb water) into a clean conical flask. The extraction was repeated with another two portion of 30 ml petroleum ether. The entire sample container was rinsed each time with petroleum ether before adding it to the separation funnel. The solvent was distilled off using rotary evaporator up to its boiling point, the boiling point of the solvent is shown in Table 4 12 . The drying was completed in an oven at 103˚C for 5 to 10 minutes. The flask was cooled in a desiccator for 30 minutes and then weighed. The drying and cooling steps were repeated until the weight becomes constant. The measured weight is taken as oil and grease content value. Figure 1 illustrates the experimental procedure for solvent extraction of POME.
Similar procedure was carried out for other solvent while several experimental parameters such as solvent-POME ratio, mixing rate, mixing time and pH are varied to determined the optimum condition. All experiments were repeated for 5 times and the results were reproducible within ±10%. 
RESULTS AND DISCUSSION
Results are presented on the effect of all the experimental parameter against the amount of residue oil extracted. Figures 2 to 5 show the average amount from five repeating experiment for different study effects. In each figure, the graph was numbered by 1, 2, 3, 4, 5 and 6
representing different solvents used which are n-hexane, benzene, petroleum benzene, petroleum ether, pentane and n-heptane respectively. Figure 2 shows the effect of solvent ratio to POME on the amount of oil extracted. This figure   clearly shows that as the amount of solvent increases, the amount of oil extracted is also increase. However after a certain amount of solvent (at ratio 6:10) the increment of oil extracted is very little and almost constant. This phenomenon shows that at solvent ratio 6:10, the extraction process has reached the saturation value, which indicates that the stability of emulsion has been formed and will reduce the ability of solvent to extract oil 13 . Hence the solvent ratio to POME at 6:10 is the optimum solvent ratio value for the current extraction process.
Effect of solvent ratio
Effect of mixing speed
Mixing usually produces and maintains a uniform and homogeneous solution. On the other hand, mixing two immiscible solutions often initiates reaction by bringing substances into contact and while agitated a system is created having dispersed liquid droplets in continuous liquid phase. Thus it creates condition favorable for mass transfer. As the speed of mixing increases, the chances for the molecules to meet one another is higher and this makes the rate of reaction or extraction to increase. Figure 3 shows the effect of mixing speed on the extraction of oil, which it implies that the rate of mass transfer increases with speed. Therefore increasing the mixing speed will increase the value of oil extracted from POME. The maximum extraction occurs at the speed of 200 rpm for all the solvents. However, once the mixing speed is greater than 200 rpm, the oil extracted becomes almost constant. This occurrence suggested almost all fatty acids already extracted from POME. Increasing the speed after this stage will not result any further extraction of oil with mechanical energy finally dissipated as heat and it evaporates the solvent.
Mixing provide one or more additional degrees of freedom which may be adjusted to enhance contactor performance. The mixing frequency may be used to adjust the average droplet size 14 . Figure 4 shows the effect of mixing time on average value of oil extracted. Result on mixing time gives almost the same trend as the mixing speed. The rapid oil extraction occurred until it reached a constant value after 20 minutes. This is because, increasing the mixing time of more than 20 minutes may not result further extraction of oil once equilibrium has been attained. Besides, the distribution of oil size molecules cannot be changed after reaching the equilibrium 13 . Therefore, it is obviously illustrated from the figure that the equilibrium can be achieved in the period of 20 minutes. Figure 5 shows the effect of pH on average value of oil extracted. It shows that for all the solvent used, the amount of oil extracted were low at pH ≤ 7 but reach maximum at pH 9.
Effect of mixing time
Effect of pH
However this phenomenon is not illustrating that the residual oil extraction is effective at pH 9. In this study, NaOH is being added to POME to increase the pH. This activity will lead to the saponification process where the residual oil will react or undergo hydrolysis with NaOH to produce glycerol and a fatty acid salt called soap 15 . The soap is more soluble in water (POME) rather than the organic solvent. Therefore, while determining the oil concentration in treated sample using petroleum ether, the weight of oil found to be less in the solvent at pH 9 since the oil was hydrolyzed inside the POME. This lead to higher value of oil extracted at pH 9. Thus utilizing the original pH of POME for residual oil extraction is preferred rather than adjusting the pH using strong acid or alkali to avoid hydrolysis reaction.
CONCLUSION
Solvent extraction has proved that it can be one of the methodologies in reducing the content of oil and grease in palm oil mill effluent. This was reflected by the above results obtained after several batches of experiments. The results showed that n-hexane is the best organic solvent to extract the oil and grease content from POME following by benzene, petroleum benzene, petroleum ether, pentane and n-heptane. By using n-hexane as the solvent, it is estimated that about 0.54 grams of oil and grease per liter of POME can be extracted with optimum conditions applied. The optimum solvent to POME ratio is 6:10, optimum mixing speed is 200 rpm, optimum mixing time is 20 minutes and optimum pH is 9.
